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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a zoom lens 
suitable for a video camera having a wide picture angle 
and embodied in a simple lens configuration. 
SOLUTION: A zoom lens concerned includes the first 
group G1 having a positive refractive power, the second 
group G2 having a negative refractive power, the third 
group G3 having a positive refractive power, and the 
fourth group G4 having a positive refractive power, in the 
sequence as named from the side with the object 
concerned, and when a power change is to be made 
from the wide angle end to the telescopic end, the 
second group G2 moves to the image side, and the third 
group G3 moves to the object side at all times, and the 
fourth group G4 is moved to the object side at all times, 
wherein the first group G1 consists solely of positive single lens. 
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ffMPn=l. 49216. 77<Sf=57. 50«t 



[004 7] 

-26.699 
- 3.087 
11.666° 



mmi 



r\ = 


44.5313 


dj = 5.0000 


r 2 = 


235.4481 


d 2 


r 3 = 


33.3406 


d 3 = 1.6000 


r 4 = 


10.5620 


d 4 = 9.1557 




-25.6170 


d 5 = 1.5000 


re = 


54.3610 


d 6 = 3.5000 


r 7 = 


-173.1864 omm) 


d 7 =Hjfe) 


r*8 = 


oo (120) 


d 8 =("J£r) 


r 9 = 


34.4931 (imm) 


d 9 = 4.8000 


1*10 = 


-19.8304 


d 10 = 0.1500 


r 11 = 


10.4305 


dn= 4.7402 


r i2 = 


24.3138 


d 12 = 0.0772 


r*i 3 = 


25.4055 


d 13 = 1.1165 


ri4 = 


8.6566 


d 14 = («T^) 




34.8911 


d 15 = 4.0000 


r*i 6 = 


-21 . 9889 


d 18 =(»RK) 


r 17 = 


oo 


d 17 = 1.6000 


ris= 


oo 


d 18 = 2.6300 


r 19 = 


oo 


d 19 = 1.0000 


r 20 = 


oo 


d 20 = 1.0CXX) 



n dl =1.49241 */ dl =57.66 

n d2 =1.77250 v d2 =49.62 

n d3 =1.48749 ^ d3 =70.44 

n d4 =1.80279 ^ d4 =25.26 



n d5 =1.49241 =57.66 

n d6 =1.60300 f d6 =65.48 

n d7 =1.84666 ^ d7 =23.78 

n d8 =1.49241 t/ d8 =57.66 

n d9 =1.52420 ^ d9 =70.20 

n dl 0 =1.54425 ^ di0 =67.00 

n dll =l. 50000 ^ d n=60.00 



( 7 ) nmW- 10-62687 

r 21 = oo 



f 


8. 900 


15.400 


26.699 


d, 


1.000 


13. 278 


19.838 


d 7 


20. 729 


8.451 


1.892 


d 8 


13. 551 


8.628 


1.444 


d 14 


8. 547 


9.453 


8.710 


d ie 


5.970 


9. 988 


17. 915 



$mmtm 
§57a 

K = 0.0000 
A4 =-2.0185 xlO-s 
Ag =-1.0045 X10^ 
Ag = 2.1313 XlO-9 
A 10 =-1.7474 XlO-11 

K = 0.0000 
A4 =-5.7976 X10r5 
= 1.4379 XlOrV 
Ag =-2.0236 X10-9 
A 10 = 6.3183 X10" 12 

[0048] mmm2 

f = 8.900 —15.400 —26.700 
F N0 = 2.000 — 2.382 — 2.877 
co -33.588° -20.245° —11.934° 
r x = 51.1602 Omm) d t = 6.0000 n dl =1.49241 u Ax =57.66 



r 2 = 


-340.7162 


d 2 =(«J^) 




=1.49241 




=57.66 


r 3 = 


105.0895 




n<i2 


^d2 


r 4 = 


10.4665 


d 4 = 7.7608 










I" 5 = 


-29.9386 


d 5 = 1.5050 


n d3 


=1.49241 




=57.66 


r 6 = 


33.9326 amm) 


d 6 = 2.8972 










r 7 = 


43.1092 


d 7 = 2.5000 


n d 4 


=1.84666 


^d4 


=23.78 


r 8 - 


184.3030 


d 8 = <«J3» 










r 9 = 




d 9 =(nT^) 










1-10 = 


24.1821 (IMftffi) 


d 10 = 4.7604 




=1.49241 


^d5 


=57.66 


r 1 1 = 


-30.7507 


d n = 0.1500 










^12 = 


10.1953 


d 12 = 4.6184 




=1 . 56883 


^d6 


=56.33 


r 13 = 


26.5327 


d 13 = 0.1700 










r*i4 = 


32.2596 


d 14 = 1.1311 




=1.84666 


^d7 


=23.78 


^15 = 


8.6992 


d l5 =HJft) 










r 16 = 


18.2256 (imm) 


d 16 = 4.5000 


"da 


=1.49241 


^d8 


=57.66 


r 17 = 


-27.7589 













(8) 
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ri8 = 

r 20 = 

r 2 i = 

r 22 : 



OO 
OO 
OO 
OO 
OO 



d 18 = 1.6000 
d 19 = 2.6300 
d 20 = 1.0000 
d 21 = 1.0000 



n d9 =1.52420 ^ d9 =70.20 
n dl0 =l. 54425 ^ dl0 =67.00 

n dll =l. 50000 ^ d n=60.00 



f 


8.900 


15.400 


26.700 


d 3 


1.000 


11.686 


20.458 


d* 


21.458 


10. 772 


2.000 


d, 


14. 257 


7. 512 


2.000 


d 16 


7.480 


10.686 


9.897 


di7 


7. 577 


11. 116 


17. 417 



^1B5 
K = 0.0000 
A4 =-1.1011 X10-6 
As =-4.1613 X10-9 
Ag = 1.1957 XlO-11 
A 10 =-1.5633 xlOri* 
§S6ffi 
K = 0.0000 
A* =-4.6385 X10-5 
Ae =-5.6702 XlO^s 
Ae = 2.8259 X10-9 
A 10 =-2.5546 X10" 11 
mi Offi 
K = 0.0000 
A4 =-3.2121 XlO-s 
As = 5.1978 XlO-10 
Ag =-2.2641 XlOrio 
A 10 = 8.2732 X10-13 
mi 6ffi 
K = 0.0000 
A4 =-3.1628 XlO-s 
Ae = 1.5533 xl()-s 
Aq = 1.6602 XIO-10 
A !0 =-3.2434 XlO-12 



[004 9] mffi&\3 



ri = 



f = 8.900 - 
F N0 — 2.800 - 
o> =33.647° - 

110.2121 {imm) 



15.400 - 
3.363 - 
19.906° - 
d t = 6. 



26.700 
4.246 
11.784° 



n dl =1.49216 is<n =57.50 
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-64.6133 


=( pT^) 










To = 


-126.0608 


do = 1.6000 




=1.49216 


V A<> 


=57.50 


r a - 


14.0489 


d fl =11.0637 










1" c = 
1 0 


-12 0152 


dR = 1.5000 


n jo 


=1 . 48749 


V A O 


=70 21 

1 V ■ w X 


x 6 


-168.0278 


dc = 2.0000 


n j^ 


=1.84666 


Uaa 


=23.78 




-37.6785 












To = 


oo ) 


do =(pT^) 










A 9 


10.2335 


d Q = 7.4642 


n jc 

1A d5 


=1.49216 


" do 


=57 50 


1 1 0 


-31 1103 

-> X ■ X X V— ^ 


dm= 0 1500 












31.1135 


d n = 1.0000 




=1 . 84666 


^d6 


=23.78 


r l 2 




u 1 2 V J 










r*i3 = 


15.4408 (^NJc®) 


d 13 = 4.5000 


nd7 


=1.49216 


^d7 


=57.50 




-32.4998 


d 14 = (nj^) 










ri5 = 


oo 


d 15 = 1.6000 


nde 


=1 . 52420 




=70.21 


1-16 = 


oo 


d 15 = 2.6300 




=1.54425 




=67.01 


r 17 = 


oo 


d 17 = 1.0000 










r 18 = 


oo 


d 18 = 1.0000 




=1.50000 ^dio=60.01 


r*i9 = 


oo 













f 


8.900 


15.400 


26.700 


d 2 


1.022 


10. 519 


17. 595 


d f 


18. 573 


9.076 


2.000 


d 8 


13. 776 


6.666 


2.000 


d 12 


4.445 


7.421 


5.748 


d 14 


11. 868 


16.001 


22. 341 



m 


1® 




K 


= 0.0000 




A* 


=-5.4607 


xlO- 6 


As 


= 8.7595 


xlOrio 


As 


= 1.4591 


xlO-u 


A 10 =-4.0171 


X10-" 


m 






K 


= 0.0000 




A4 


=-5.9752 


X10-5 


Ae 


=-1.1184 


X10-7 


Ae 


=-2. 6701 


X10"9 


Ai 0 =-6.9575 


X10-12 


m 


9ffi 




K 


= 0.0000 




A* 


=-1.1563 


Xl0r4 


Ae 


=-5. 8566 


XlQ-7 
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Ag =-3.0848 X10" 9 
A 10 =-4.8687 XlO-ii 

mi 3® 

K = 0.0000 
A4 =-5.1534 X10-5 
Ae = 1.9734 X10r7 
Ag =-7.5561 XlC 9 
A 10 = 7.3471 XlO-n 

[00 5 0] mmmi 





I — O . ZrJKJ 


1R /inn 






























^.v — M Q7Q 0 


-1Q 7R4* 


— '11 714° 










r l = 


S7.4208 (#3cffl) 


di = 


6.0000 


n dl 


=1.49241 


^di 


=57.66 


r 2 




u 2 












1 3 


69 5577 


do = 


1.6000 


1A d 2 


=1 69680 


" d 2 




r 4 " 


1/1 


d 4 - 


6.2586 










r 5 = 


-21.1750 


d 5 = 


2.0000 


n d 3 


=1.49241 


^d3 


=57.66 




21 . 5395 


d 6 = 


4.0013 










r 7 = 


27.4483 


d 7 = 


2.0000 


n d4 


=1 . 84666 


^d4 


=23.78 


r 8 = 


61.9967 


d 8 = 


(TO 










r 9 = 


co (89) 


d 9 = 


(TO 










r 10 = 


10.1242 (^NSffi) 


di 0 = 


6.4751 


n d5 


=1.49241 




=57.66 


r n = 


-33.1255 


dn- 


0. 1500 










ri2 = 


37.2082 


di2 = 


1.0000 


n d e 


=1 . 84666 


^d6 


=23.78 


ri3 = 


11.0517 


di3 = 












14 = 


19.5986 amm) 


d 14 = 


4.5000 


n d7 


=1.49241 


^d7 


=57.66 


r*i5= 


-24.6901 


d 15 = 


(TO 








m 


1*16 = 


CO 


d 16 = 


1.1400 




=1 . 54771 




=62.84 


r 17 = 


00 


d 17 = 


0.8100 




=1 . 54771 


^d9 


=62.84 


^18 = 


CO 


d 18 = 












ri9 = 


CO 


d 19 = 


1.6000 


n dl 0 


=1.51400 


^dlO 


=75.00 


r 20~ 


CO 















f 


8.900 


15.400 


26.700 


d, 


1.686 


11. 413 


17.062 


d, 


17. 393 


7. 667 


2.000 


d 9 


14. 398 


8.430 


2.000 


dis 


5.422 


7. 135 


6.302 


dis 


14. 789 


19.045 


26. 325 



K = 0. 



(11) 



ftmVl 0-6 2687 



A4 


=-2. 5737 


X10" 6 


As 


= 3.4236 


X10" 9 


Ae 


= 3.3566 


XlO -12 


&i 0 =-2. 4726 


XlO" 14 


IS 


1 0® 




K 


= 0.0000 




A* 


=-1.2078 


xio* 4 


As 


=-9. 4584 




Ae 


= 8.7354 




A 10 =-1.7356 


XlO" 10 


m 


141 




K 


= 0.0000 




A4 


=-4.3466 


XlO" 6 


Ae 


=-1.1251 


XlO" 7 


As 


= 3.8242 


XlO" 9 


A 10 =-3.8018 


XlO" 1 1 



[00 5 1 ] HSfeM5 

f = 8.900 —15.400 —26.699 
F N0 = 2.803 — 3.020 — 4.416 
co =34.195° —20.020° —11.708° 



*"l = 


43.7492 


dj = 


5.0000 




=1.69680 


^di 


=55.53 


r 2 = 


161.9148 


d 2 = 












r 3 = 


24.2833 


d 3 = 


1.6000 


n d 2 


=1.69680 


^d2 


=55.53 


** 4 = 


12.8835 


d 4 = 


5.2105 










r 5 = 


-57.3267 


d 5 = 


1.3000 


n d 3 


=1.69680 


^d3 


=55.53 


r 6 = 


14.5752 


d 6 = 


4. 5523 










r 7 = 


17.8323 


d 7 = 


2.0000 


n d4 


=1.84666 


^d4 


=23.78 


r 8 = 


27.1091 


d 8 = 


(«t$0 










r 9 = 


00 (RO) 
10.7156 (^WB) 


d 9 = 






=1 . 49241 




=57.66 


r 10 = 


d 10 = 




n d5 


^d5 


^11 = 


-28.6168 


dir 


0. 1500 










r 12 = 


50.1240 


d 12 = 


1.0000 


n d6 


=1.84666 




=23.78 


r i3 = 


13.1907 


d 13 = 












*~14 = 


29.0560 (INRB) 


d 14 = 


4.5000 


n d7 


=1.49241 


^d? 


=57.66 


^15 = 


-19.9778 


d 15 = 


(TO 










r i6 = 


00 


d i6 = 


1.1400 


n d e 


=1.54771 


^d8 


=62.84 


*~17 = 


00 


d 17 = 


0.8100 


n d9 


=1.54771 


^d9 


=62.84 


^18 = 


00 


d 18 = 


1.0000 










*"l9 = 


00 


d 19 = 


1.6000 


n dl 0 


=1.51400 


^dlO 


=75.00 


r 2 G~ 


00 















I 
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f 


8.900 


15.400 


26.699 


d a 


1. 000 


12. 535 


16.106 


d 8 


18. 799 


7.264 


3.693 


d 9 


15. 637 


12. 496 


2.000 


dis 


5. 363 


5. 029 


7.764 


d 15 


14. 952 


18.427 


26.188 



m 


1 0® 




K 


= 0.0000 




A4 


=-1.3295 


X10-4 




=-4.9679 


X10-7 


Ae 


=-9.0848 


XIO" 10 


A 10 =-4.5990 


XlO-11 


m 


14® 




K 


= 0.0000 




A4 


=-4.7875 


X10r5 


Ae 


=-1.9958 


xiO-s 


As 


= 2.8214 


xlO-s 


^ o =-1.2863 


XlO" 11 



[0052] mmM6 

f = 9.000 —15.590 —27.000 
F N0 = 2.800 — 3.030 — 4.069 
co -33.547° -19.731° -11.515° 



n = 


44.5137 


di = 4.4000 


n d i 


=1.69680 


^di 


=55.53 


r 2 = 


137.7320 


d 2 =c*m) 










**3 = 


23.5602 


d 3 = 1.6000 


n d2 


=1.69680 


^d2 


=55.53 


r 4 = 


12.0406 


d 4 = 5.7412 










r 5 = 


-54.8255 


d 5 = 1.5000 


n d3 


=1.56384 


^d3 


=60.70 


I"6 = 


13.6238 


d 6 = 3.8135 










r 7 = 


16.01% 


d 7 = 2.2000 




=1.84666 




=23.78 


r 8 = 


23.3091 


d 8 = 0*1^) 










r-9 = 




d 9 =(*m 










r i0 = 


31.1300 


d 10 = 6.5179 




=1 . 77250 


^d5 


=49.60 


r n = 


-15.0403 


d n = 0.1939 










1-12 = 


-13.3787 


d 12 = 0.8893 


Hd6 


=1.84666 


^d6 


=23.78 


1*13 = 


-65.0570 


d 13 =0*T^) 










r 14 = 


-2370.3961 (imm) 


d 14 = 4.3000 


n d7 


=1.49241 


^d7 


=57.66 


15=" 


-14.2694 


d 15 =(^) 










^16 = 


00 


d 16 = 1.1400 




=1.54771 


^d8 


=62.84 


r 17 = 


00 


d 17 = 0.8100 


n d9 


=1.54771 




=62.84 


r"i8 = 


00 













(13) 
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X-AHfS 



rig 

r 20 
*~22 



OO 
OO 
OO 
OO 



f 


9.000 


15. 590 


27.000 


d, 


1.000 


13. 349 


18. 974 


d 8 


20.474 


8. 125 


2.500 


d 9 


13. 221 


9.796 


2.000 




6.416 


6. 356 


7.516 


d 15 


15.209 


18.694 


25.330 



d 19 = 1.0000 n dl0 =l. 51000 i/ d i 0 =75.00 
d 20 = 1.0000 

d 21 = 0.8000 n dll =l. 52300 ^ dll =55.00 



151 4ffi 

K = 0.0000 

A* =-7.8946 X10-5 

Ae = 3.2441 Xl0"8 

As =-1.6090 X10-9 

A 10 = 1.6631 XlO-11 

C0053] wtcommm*. mmm 1 coires^t 

iC7t-WU:^, »4»G4teHniT»2BG 



cciif»feiDai**t. 3r*3. a*, nana* 

[0054] _Lienwji -6^«raeftft* 
( 1 ) - ( 4 > co«**<o«fc^-r* 

[0055] 





*frSC (1) 


&#5£ (2) 


&ffciS (3) 


*#SC (4) 


^fiSflll 


-0. 64 


0. 2 5 


1.8 3 


0.080 


HSSW2 


-0.6 3 


0.2 5 


1.5 1 


0.098 


saffian 3 


-0.7 1 


0. 2 6 


1.6 1 


0.106 


l£&S#f4 


-0.8 1 


0. 2 9 


1.6 7 


0.111 




-0. 9 0 


0. 2 9 


1.6 9 


0.105 




-0. 62 


0. 32 


1.6 1 


0.097 



[0056] PXk^ZmcOX-^U^Xlimz-lf K<r> 
J; 5 6 Z t £> . 
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[0057] C 2 3 m#M£ VMlz. TEcomtifJl 

»u msmwsizmfomiz&mL. m^mizmft 

m^Wrth^x-h-oX . miSf(ilEc7)#L-yx^ 

frb^K). m2P«±^< 1 lfSOTIEPVXSr-Sv^ 
[0058] C 3 3 ftflefiH J: OWC JBTiMfchtt 
«^&aitiHK:fflttT35f&'*-4IBL SS2tftttMI£& 

m3mt'Jf%< b *> ltotl^yxm, gi4P(±IE 
X. 

[0059] C 4 J iftflsfflli OWC jEOStfr* 

-2. 5<z 3 /z 2 <-0. 45 
tztzL. zi (Hi 2, 3) JiSMS^J&ftife^Mji 

£iEHF*i-i:-f&. 

0. 05<f 4 /fi <0. 41 

tztzL, f i ( nil . 4 ) l±» i So«uaatf * 
[00 64] C 9 3 JJlT<0*fr*SSJ5ir4ii:*wa 

0. 9< (/3 34T //3 3 4H ) / (/3 

T'C0^2|¥^*. /3 3 4w «^ffiT'Oll3Pi:^4P 

^js^fg*. £ 3 4i t,mm3®x'cr>m3%tbm4m<7)<$c 
fccn>m^x'hz>. 

0<f„ /f, <0. 2 

i ) am i s*M!!u£8are*4 . 

[0066] C113 ^<HS2S^7t-^y 
>^<0Jt»(c^Ti6t fc t-&±ie C ID 

£> C 1 0 3 tfOHft* 1 1 M£M<OX-£.l/ yX. 

[0067] C 1 2 D ^f^^f^?*-*^ 
^Wc^-BJKjt Lfci b £tmbi-&±m (l)A^ 

c 1 1 3 ^H^i^iefj^x-Au-yx. 

[00 68] 

fc: J; § b . £H£i -Cfc -5 "C ©^=5: 1/ >Xttf£«D t'f* * 

[0ffi<7)@m^^] 



-T&Sgli¥. fl«o®*f7J5-*-r-&m2^ mcomifrJ}*: 
^Z>m3m. IE^giff^$-^-ri,^41¥A^^rO. J£ 

«sB*»^>a»Bfe:i*nfc«»t&iR. t&2mmmiz& 

PJK^KrT & i> <0T"$> o T . m l Sfi±iE<?5# yx^ 
R9£»2Si:S38wffl(cBI£Ufc£fc* 

[0060] [ 5 J ^{fcfflflj: OJKC, jE^)@^^* 
*Mj£tf-*-4S53«. jEOffiiffafc*^** 4 

j£ftjji*»^aia«fc:iPi»tT3E«frsiR. ssist** 

ffl»»U K54iPJi«fc:!ft«c|ifc:»IW-4i,<0"C*-5 

r, is i » (iiE^mu- yxcDfrfr^z o , m2Sf«i^ 

ltfccOIEUyXSr^. H 3 Pte^-Sr < i: t> 1 «c 

o^yxs-sv^ m4mzm<?>st.uyx<7) 

Zb£$mb^-&X-J>.U>X. 
[006 1 ] C 6 3 'J?%<b i>m2M*7*-*]i'> 
yff)tzMz«SW)b VtzZb*W®.b-fh±M C 1 3 frh 
C 5 3 coMft** 1 m&B&X—J* V vX. 

[0062] C73 UTcD&ftzm&t&zbzmm 

b-t&JJR (UK C 6 3 coWizfr 1 JSte»cOX-A 

5, z 2 >0, z 3 <0 - • ■ ( 1 ) 

[006 3] C8 3 OT«0*tt*i»Ji3-& 

b-th±Ml C 1 3 *»t C 7 3 <7)Wi*> 1 mimcox-M, 
uyX. 

■ ■ ■ (2) 

fc-fS-tie C 1 3 *^ C8 3 toMix^ 1 «IB^OX-A 
l^yx. 

/S 2 i//3 2W ) <4 ■ • • ( 3) 

[006 5] CI 03 &.TmiW£miZ-t2>Zbt:m 

^i:-r^±tE c 1 3 a>£ C9 3 i mm<ox- 

&uyx„ 

... (4) 

[an Xfttycommm 1 cox-y. yx^mmmx-h 

[02] 3fs%Bg<09ltfeM 2 <?)X- A U y Xc7)Hf®0-C'S> 

a. 

[03 ] ^w3M<7)mmm3<7)X-^uyxcr,mmmx'h 
s. 

[04 ] *$kwcr>mmm4<7>x-£.isyxcomnmx'h 
[05] 4:f^o9ot0i 5 ox- a u- yxcomwmx-$> 

[06 ] *^HJlcOjlSS0i|6cOX-AU>'XcoBrffliaT-$> 

[ 0 7 ] mmm 1 ^rrs^ 7 * - # x ttz b # ojrji 
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G 1 ■ 
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